NACA RM L52L15

SECURITY INFORMATION C .

FEBS 1953  CENFIDENTIAL oY soris

RESEARCH MEMORANDUM

CONTROL HINGE-MOMENT AND EFFECTIVENESS CHARACTERISTICS OF
A HORN-BALANCED, FLAP-TYPE CONTROL ON A 55° SWEPTBACK
TRIANGULAR WING OF ASPECT RATIO 3.5 AT MACH
NUMBERS OF 1.41, 1.62, AND 1,98
By Lawrence D. Guy

Langley Aeronautical Laboratory

CLASSIRNATION CANCETFRRE el V-

uthorlty . 77,4;—619 '64 Ao Lae /=28 57
P!-?ll &-ﬂn L-/"// ---------- S : +
Hannnas -22-{@--‘}--. é.d..‘:a../z ..... See ---..__.imw
\nllll AR BRRERARR mm o L&G‘M mj’" mmm_ nnm"ﬁ:‘:ﬁﬁ% .

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
Janvary 29, 1953

N-ACA-LIBRARY
CONFIDENTIAL varcurs sssousy i, Lasonsont




17

NACA RM I52L15 .
NATIONAL ADVISORY COMMITTEE FOR AFRONAUTICS

RESEARCH MEMORANDUM
CONTROL HINGE-MOMENT AND EFFECTIVENESS CHARACTERISTICS OF
A HORN-BALANCED, FLAP-TYPE CONTROL ON A 55° SWEPTBACK
TRIANGULAR WING OF ASPECT RATIO 3.5 AT MACH

NUMBERS OF 1.41, 1.62, AND 1.96

By Lewrence D. Guy -
SUMMARY

An investigation of a horn-balanced, flap-type control mounted on &
55° sweptback, trianguler wing of aspect ratio 3.5 was conducted in the
Langley 9- by l2-inch supersonic blowdown tunnel. Control hinge moments,
and the serodynamic characteristics of the complete wing-body combination,
with and without fences, were obtained over a large range of control
deflection and angle of attack at Mach numbers of 1.4k1, 1.62, and 1.9
and Reynolds numbers of 2.2 x 106, 2.0 x 106, and 1.8 X 105, respectively.
Data were also obtained in an experimental nozzle at Mach numbers of 0.72
to 0.82 and Reynolds numbers from 1.9 X 106 to 2.2 X 106, respectively.
The effects of control trailing-edge bluntness &t supersonic speeds were
also examined.

The control exhibited nonlinear variations of hinge moment with
both angle of attack and deflection at all Mach numbers. At supersonic
speeds the fence grestly reduced the large overbalanced hinge moments
due to angle-of-attack loading and greatly reduced the nonlinear varia-
tions of hinge moment with deflection.” Contrel trailing-edge bluntness
decreased algebraically the conftrol hinge moments at all angles of attack
and deflections at supersonic speeds.

The control was effectlive throughout the range of the investigation
which included@ combined angles of attack and deflection of LOC at a Mach
number of 1.96. Neither the increase in trailing-edge thickness nor the
addition of a fence was effective at an angle of attack of 0° although
both increased the positive rolling effectiveness at larger angles of
attack and positive deflections. Both the fence and control trailing-
edge bluntness had 1ittle effect on the wing minimum drag coefficient at
2ll Mach numbers for which tests were made.

! -..-_
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INTRODUCTION

Plaln flap-type control surfeces have been used to provide lateral
and longltudinal control_at transonic and supersonic speeds. The very
large hinge moments developed by this itype of control surface at high
speeds have encouraged resgearch on various means of balancing such con-
trols serodynamically. Control balarce areas extending ahead of the
hinge line at the wing tip have been used successfully to reduce control
hinge moments at supersonic_as well as subscrnic speeds. (For example,
see refs. 1 and 2.) Such balance arrangeménts, however, are found to
have rather irregular variations of hinge moment with angle of attack
and control deflection as well as substantial changes in balance char-
acteristics with Mach number in the transonic and supersonic speed
ranges. It 1s therefore deslirable to obiain further information about
this type of balance arrengement on high-speed wing-controcl configura-
tions. In order to furnish such informastion, an investigation has been
made in the langley 9- By l1l2-Inch supersonic blowdown tummel on a horn-
balanced flap-typé control mounted on a 55° sweptback, triangular wing
of aspect ratio 3.5 at Mach numbers of 1.41, 1.62, and 1.96 and Reynolds
numbers of 2.2 x 106, 2.0 x 106, and 1.8 x 106, respectively. Limited
tests were conducted in an experimental nozzle at Mach numbers from 0.72

to 0.82 and Reynolds numbers from 1.9 X 106 to 2.2 x 106, respectlvely.

The serodynamic characteristics of the complete semispan model as
well as control hinge moments were obtained throughout a maximum control
deflection range of-0° to 200 and a maximum angle-of-attack range of-+20°. .
The effect on control characteristics of blunting the comtrol trailing
edge to one-half-the hinge-line thickness was examined. Two different
size fences, mounted at the parting line between the wing and the tip
balance area, were tested in an attempt-to improve hinge-moment
cheracteristics. :

CL,. : 11ft coefficient, Zift

, (pitching-

Pitching moment
T
moment reference axis located at 0.25C)

Cn pitching-moment coefficient,
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CZgross

Cz, &1, ACy

R
M
Subscripts:

o

gross rolling-moment coefficient,
Semigpan-model rolling mament
2gSb
axis shown in fig. 1)

, (reference

Hinge moment

control hinge-moment coefficient, >
Ibele

increment in gross rolling-moment coefficient, 1ift
coefficient, and pitching-moment coefficient due to
deflectlion of control surfeace ’

_free-stream dynamic pressure

semispan wing area (including area blanketed by test body)
local wing chord
mean aerodynamic chord of wing

meen aerodynamic chard of portion of control behind hinge
line :

wing span, twice distance from rolling-moment reference
axis to wing tip

control-surface span, 60 percent b/2
angle of attack measured with respect to free stream

control-surface deflection measured perpendicular to
hinge line from wing chord plane at control inboard end

'Reynolds nunber based on mean aerodynamic chord of wing

Mach number

slope of curve of coefficient plotied against «;
dCn/da, dCr/dc, and so forth '

slope of curve of coefficient plotted against 3;
dC;/d8, dCh/d8, and so forth
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DESCRIPTION OF. MODEL

The principal dimensions of the semispan-wing--body combination are
glven in figure 1 and a photograph of the model is shown 1n figure 2.
The semispan wing was of triangular plan form having 55° leading-edge
sweepback and. an aspect ratio of 3.5. A horn-balsnced, flap-type con-
trol was hinged at the T70.0-percent-chord line and spanned the outbosrd
60 percent of the wing semispan. The inboard half of the control span
comprised 31.7 percent of the local wing chord and the outboard half
comprised 100 percent of the wing chord.

The msin wing panel was made of heat-treated steel. The wing shead
of the control surface had NACA 65A005 airfoil sections parallel to the
" Pree-gtream direction. Inboard of the control surface the wing thickneas
was increased to the rear of the 20-percentschord station to permit
installation of an 1nternal strain-gage beam. Qrdinates are given in
table I.

Two control surfaces of identical plan form and machined from heat-
treated steel were used in the investigation. The baslc control surface
had NACA 65A005 airfoll -sections in planes parallel to the free-stresm
direction. A second control had NACA 65A005 airfoil sections forward
of the hinge line but was slab-gided behind the hinge line with a
trailing-edge thickness of one-half the hinge-line thickness.

The investigation included tests of two fences. One, a full-chord
fence having = constant height of 24.2 percent chord above the control-
chord plane, was mounted con the control surface at the outboard wing-
control parting line. The other fence, extending 2h.2 percent chord
above the wing-chord plane at the leading edge and tapering to zero
height at the hinge line, was mounted on the wing at the outboard wing-
control parting line.

A test body consisting of a half body of revolution together with
a 0.25-inch Micarta shim wes 1ntegral with the main wing panel for all_.
tests.

TUNNEL

The tests were conducted in the Lengley 9- by l12-inch supersonic
blowdown tunnel which operates from the compressed alyr of the Langley
19-foot pressure tunnel. The absolute stagnation pressure of the air

entering the test section ranges from 2 to 2% atmospheres. The com-

pressed ailr is conditioned to insure condensation-free flow in the test

. =



NACA RM L5215 Lo K ' 5

section by belng passed through a silica-gel drier and then through banks
of finned electrical heaters. Criteria for condensation-free flow were
cbtained from reference 3. Turbulence demping screens are located in
the settling chamber. Three test- section Mach numbers are provided by
interchangesble nozzle blocks. .

Deviations of flow conditions in the test sectlion with tunmnel eclear,
determined from extensive calibration tests and reported in reference k,
are presented in the following teble along with properties of the
conditioned air:

Nomingl Mach number

Varisble
1.1 1.62 1.9

Maximm deviation in Mach number . . . . .| £0.02 | 0.01 | *0.02
Maximum deviation In ratio of statie |

to stagnation pressure, percent . . . .| %2.0 t1.3 tz2.2
Maximum deviation in ratio of dynamic

to total pressure, percent . . . . . . .| f0.h +0.2 0.3
Meximum deviation in stream.angle, deg - . t.25 t.20 .20
Maximum dewpoint temperature, °F . . . . . 20 -5 -20
Minimm stagnation temperature, OF . . . . 120 135 165

Limited tests were made In an experimental nozzle operating at sub-
sonic Mach mumbers from 0.72 to 0.82. Details of the flow characteristics
of this nozzle were unknown, but wall-pressure measurements indicated the

tunnel-clesr test-section Mach number variation was gbout t0.0l. The
subsonic test-section Mach number indicated by wall pressures decreased
about 0.02 as the angle of attack was increased from O0° to 15°. The
flow conditions were believed to be sufficiently uniform to permit
evalustion of chasnges In wing and control characteristics caused by
addition of a fence to the wing.

TEST TECHNIQUE

The model was cartilevered from a five-component strain-gage balance
gset flush with the tunnel floor. The model and the balance rotated
together as the angle of attack was changed. The gerodynamic forces and
moments on the semlispan-wing—body combination were measured with respect
to the body axes and then rotated to the wind exes. The body consisted
of a half body of revolution mounted on & 0.25-inch shim; the shim was
used to minimize the tumnel-well boundery-leyer effects on the flow over
the surface of the body of revolution (ref. 5). A clearance gap of 0.010
to 0.020 inch wes maintained between the fuselage shim and the tunnel floor.
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The hinge moments of the horn-balanced control surface were meagured
by means of an electrical straein-gage beam buried in the main wing panel
ad jacent to the inboard end of the control surface.” The control was
hinged to the main wing panel by a 0.030-inch-dlameter steel pin jJust .
inboard of the control balance area and by a 0.060-inch-diameter steel -
pin at its inboard end. The control deflection was fixed by means of
a positioning pin soldered to the control surface and fiited into a hole
in the straln-gage beam. The control deflection was changed for each
series of tests by changing the positioning pin. .

ACCURACY OF DATA

An estimate of the probable errors introduced in the present data
by instrument-reading errors, messuring-equipment errors, and calibra-
tion errors are presented in the following table:

Varisble Moderate load Maximum load
conditions conditions
o, deg . . . to.04 *t0.06
&, deg . . . 0.1 . . t0.2 s
CL, - -« « - & £0.005 10.010
Ci v v o « & +0.0005 +0.0015
Cn o ¢ o « 10.001 t0.003 -
CD « « o « +0.001 +0.004
Ch « » « - . 10.005 10.008

Because of the thinness of the control airfoil sections and. the )
consequent control flexibility, the determination of the mean angular : R
control deflection due to load has not been attempted since an analysis
of the merocelastic characteristice of the control would be required.
The control defle¢tions, against which the data of the present report
are plotted, were measured at & point on the control trailing edge
adjacent to the main wing panel. .

The absolute values of the wing-body force and moment coefficients
include loads on the erbitrary test body and are not appliceble to con-
figurations having more conventional body shapes. The variation of the
wing-body characteristics with control deflection, however, should apply
to more conventional configurations. It is believed that the increased
thickness of the wing inbosrd of the control had negligible effect on
contral characteristics.

SR .
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RESULTS AND DISCUSSION

Representative basic aerodynamic coefficients of the semispan model
plotted against control deflection for verious angles of attack at Mach
numbers of 1.41, 1.62, and 1.96 are presented in figure 3. Comparative
data obtained at Mach numbers of 0.72, 1.41, and 1.96 for the model with
and without fences are presented in the form_of.cross_plots in figures 4
and 5. In figure 6 data obtained for the model with a conrtrol having
thickened trailing edges are compared with those of the basic wing-
control configuration at M =-1.41 and M = 1.96. In these later fig-
ures the signs of the test values of angle of attack, control deflec-
tion, and model force and moment coefficients obtalned at negative
engles of attack and positive control deflections have been arbltrarily
reversed for convenience of presentation. This was permissible by
reason of model symmetry. :

Control Characteristics of Basic Configuration

Hinge moment.- Cross plots of fence-off control hinge-moment coeffi-
clent against angle of attack for zero control deflection (fig. 4) show
large nonlinear variations and indicate that the control was overbalanced
(the center of pressure was ahead of the hinge line) over most of the
angle-of -attack range at all Mach numbers of the investigation. The
amounts of overbalance, shown by the magnitude of the hinge-moment
coefficients, were much greater at M = 0.72 than at the supersonic
Mach numbers, indicating the typical rearward shift of the center of
pressure with increasing Mach number. At M = 0.72 +the major effect of
the fences was to extend the linear portion of the curve which passes
through zero and to delasy the break to a slightly higher angle of attack.
At supersonic Mach numbers, sizable reductions in the values of hlnge-
moment coefficients for low to moderate angles of attack were caused by
the addition of eilther fence. - The partial-chord fence, which extended
only from the wing leading edge to the hinge line, however, was more
effective than the larger fence in reducing the amount of overbsalance
at supersonic speeds. In fact, at M = 1.96 with the small fence on,
zerc hinge moments were obtained between t10° angle of attack for the
undeflected control. The effects of the fences, indicated in figure L,
are In agreement with those of reference 2 which showed that a full-chord
fence, similar to the one of the present report, mounted at the parting
line of a half-delta tip control on a 60° delta wing caused changes in
Chy, consistent with a rearward movement ‘of the control center of pressure

at Mach numbers from 1.4l to 1.96.

Figure 5(a) presents the hinge-moment variation with deflection of
the. ¢ontrol with and without the partisl-chord fence for several angles
of attack at Mach numbers of 0.72, 1l.41, and 1.96.” The fence-off data
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show that for positive control deflections the control hinge momentdue
only to control. deflection-was overbalanced (positive values of 'Cha)

at M= 0.72 but was underbalanced (negative values of Cha) at Mach
nunbers of 1.41 and 1.96. The negative values of -Ch5 at supersonic
speeds- were essentlally constant with control deflection except for nega-

tive deflectlons at angles of attamck above zéro. As shown for angles of
attack of.8° and .16°, the values of Ch& increased with increasing nega-

tive control deflection and became positive at some deflection. The
magnitude of this deflection increased with increasing angle of attack
and decreasing Mach number. Reference 2 showed that this increasse in
values of Ch& at negative control deflection appeared tao be typical

of control arrasngemeéents having tip balance areas extending to the wing
leading edge. -

At the supersonic Mach mmbers the addition of the small fence in
general reduced the nonlinear variations of-hinge moment with control
deflection. For negative control. deflections, positive values of Ch5

were delayed by the fence to angles of attack greater than 16° (avaeilable
only at M = 1.96) and control deflections greater than -16° (the maximum
of the tests). For positive control deflections the fence had small,
although somewhat erratic, effects on the parameter Chng- At M = 0.72

addition of the fence increased . Cpy slightly at o = 0°. At angles of |

attack greater than 0%, as shown for o = 8%, the break in the curve where
values of became negative occurred at—a lower control deflection
with the fence on than with the fence off.

Effectiveness.- The control, with fence off, was effective in pro-
ducing an increase in rolling moment with an increase in control deflec-
tion throughout the sngle-of-attack and control-deflection ranges as .
shown in figure S5(b) and in more detail in figure 3(b). The variation
of rolling moment with control deflection at zero angle of attack was
nearly lineer throughout the deflection range of the tests. For posi-
tive control deflections, increasing the angle of attack or control
deflection from zero tended to decrease the parameter C18 although

the decresse with increasing deflection was small at supersonic speeds.
For angles of attack and control deflections of opposite sign the varia-
tion of Cip with either o or © was small for angles of attack
numerically less than 12° (see fig. 3(b)). At larger angle of attack
Ci1s 8eain decreased as the angle of attack lncreased in magnitude.

The addition of the fence had small effects on rolling-moment varia-
tion with deflection at zero angle of attack. At larger angles of: attack
and positive control deflections the rolling effectiveness parameter Cig
was increased by the addition of the fence throughout the Mach mumber
range of the investigation. At negative control deflections CZa was
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unaffected by the fence except at M = 1.96 where the fence caused a
decrease in values of C3g that was nearly constant with angle of attack

for angles of attack of 8° and higher.

The effects of the fence on the increment of 1ift due to comtrol
deflection (fig. 5{(c)) were small and within the accuracy of the datsa,
except at o =8° at M= 0.72 where an increase in Ay, similar to
the increase In C; occurred. ' T

The dete in figure 5{(d@) show that the addition of the fence hsd
negligible effect on.the increment in pitching moment due to control
deflection at zero angle of attack. At larger angles of attack the
fence caused changes 1n the varistion of ACHy with & consistent with
& rearward shift in center of pressure at all control deflections through-
out the Mach number range of the investigation.

Effects of Control Trailing-Edge Bluntness on
Control Characteristics

Figure 6 presents the variation with deflection of hinge-moment,
rolling-moment, 1ift, and pitching-moment characterjistics at M = 1.41
and M = 1.96 <for two controls differing only in trailing-edge thickness.
Increasing the control trafling-edge thickness to opne-half the hinge-line
thickness decressed algebralcally the control hinge moments at all angles
of attack and positive control deflections. For most negative control
deflections, however, tralling-edge bluntness had Iittle effect on the
hinge moments. Trailing-edge bluntness also caused small algebraic
decreases in values of Chm at small control deflections as shown by

the decrement in hinge moment due to bluntness. These results are in
agreement with those of the investigation of reference 6 which showed
that increassing the thickness of an unbalanced alleron on a sweptback
wing to one-half the hinge-line thickness caused larger negetive values
of both Cha and Ch5 for small engles of attack and moderate control

deflections at M = 1.90.

The deta of the present report show that increasing the trailling-
edge thickness had negligible effect on rolling moment at o = OO at -
Mach numbers from 1.41 to 1.96 slthough reference 6 showed increased
aileron rolling effectiveness at M = 1.90. At larger angles of attack,
however, the blunted control of the present report, in general, produced
higher values. of rolling-moment coefficient than the basic control. It
may be that the increment in rolling moment due to increased trailing-
edge thickness 1& not entirely attributable to the aerodynemic effects
of bluntness but may in part be due to increased stiffness of the control
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since the increment increagsed with increesing angle of sttack plus
deflection and also with increasing dynamic pressure (decreesing Mach
number for the range between M = 1.41 and M = 1.96). For negative i
control deflections at angles of attack above 8° (M = 1.96 only), the ~
values of (s are numerically smaller for the blunt control than for

the basic control. The reason for this is not clearly understood although
this decrease in rolling moment with the Increase in trailing-edge thick-
ness is accompanied by & decrease in AC1, (fig. 6(b)).

With the exception just noted, figure 6(b) shows only minor effects
of trailing-edge bluntness on the varietions of ACT, and ACy with
control deflection. i

The effects of the small fence and of control trailing-edge blunt-
negs on the variation with Mach number of the control characteristice
at zero angle of attack and deflection are summarized In figure 7. T

Wing Characteristics_ . ) -

Figure. 8 .presents the variation with Mach mmber of the 1ift, drag,
and pitching-moment characteristics at & = 0° and of (L/D)pgx ©Of the
model with and without the small fence and also of the model with the
basic control replaced by the blunt trailing-edge control. No data were
obtained at subsonic speeds for the blunt contrecl. Although the absolute
values of the wing-body parameter include effects of the somewhat arbi- .
trary test body, the results of adding a fence or thickening the control
tralling edge should be applicable to configurations having more con-
ventiohal body shapes.

Neither the addition of.the Ffence nor control trailing-edge blunt=
ness had any large effects on the wing-body characteristics at the Mach
numbers of the tests. Smell increases in the values of the minimum drag
coefficient {sbout 0.001 at all Mach numbers) were caused by both the
addition of the fence and the increased trailing-edge thickness of the
blunt controcl. These drag increases were of the same order as the experi-
mental accuracy of the tests. The slight decreases in (L/D)pgx Wwere -

attributable to these small drag lncreases since CLm at o = 0° was
unaffected by the fence or by control traililing-edge bluntness and the
curves were linear to the point of (L/D)yax. The fence caused & small

rearwvard shift in center of pressure—at'the subsonic speeds as shown by
the more negative values of de/dCL but had negligible effect at super- .

sonic Mach numbers. Values of de/dCL for the model with the blunt

trailing-edge control were slightly larger than for the model with the .
basic control. - s
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CONCLUDING REMARKS

An investigaetion of a horn-balasnced, flasp-type control, with and
without fences, mounted on & 55° sweptback, trianguler wing of aspect
ratio 3.5 was made at Mach numbers of 1.41, 1.62, and 1.96. Comparative
- data far the model with and without fences were obtained irn an experi-

mental nozzle at Mach numbers from 0.72 to 0.82. The effects of control
trailing-edge thickness were examined at the supersonic Mach numbers.
The following resulis were indicated.

The control exhibited nonlinear variations of hinge moment with
both angle of attack and deflection throughout the range of the investi- -
gation. At supersonlc speeds the fence greatly reduced the large over-
balanced hinge moments due to engle-of-attack loading and greatly reduced
the nonlinear varistions of hinge moment with deflection. Control
trailing-edge bluntness decreased slgebralcally the control hinge
moments at all angles of attack and deflection at supersonlc speeds.

The control was effective throughout the rasnge of the investigatlon
which included combined angles of attack and deflection of 40® at & Mach
number of 1.96. "Although neither the inerease in trailing~edge thickness
nor the addition of the fence was effective -at an angle of attack of 0°,
both increased the rolling effectiveness Cj3y at larger angles of attack
and positive deflections. A decrease in Cig, however, was evident at
the highest Mach number at negative deflections. Both the fence and
control trailing-edge bluntness had little effect on the wing minimum
drag coefficlent at all Mach numbers for which tests were meade. -

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronsuties,
Langley Fleld, Va.
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TABLE I.- ORDINATES FOR ATRFOIL SECTION INBOARD OF THE
44 O~-PERCENT WING-SEMISPAN STATION

Btations and ordinates given in percent airfoll chord
in free-stream direction; section symmetrical sbout

chord linea
Station Ordinate
0] o]
1.25 .598
2.50 .818
5.0 1.094
7.5 1.326
10 1.520
15 1.828
20 2.062
45 3.130
50 3.295
55 ’ 3.395
60 3.hk39
65 , 3.k20
70 3.340
T5 ' 3.180
8o : 2.905
100 1.720

NACA,
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Figure 2.- Photograph of test model.
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